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STAR AF II Trial

Verma A et al., N Engl J Med. 2015;373:878-9.



2020 ESC AF Guideline : AF Ablation Techniques 
• Particularly in persistent and long-standing persistent AF, more extensive ablation has been advocated. This may include linear lesions in the atria, isolation of the LAA or of the superior vena cava, . ablation of complex fractionated electrograms, rotors, non- pulmonary foci, or ganglionated plexi, fibrosis-guided voltage and/or MRI-mapping, or ablation of high dominant frequency sites. 
• However, additional benefit vs. pulmonary vein isolation (PVI) alone, justifying its use during the first procedure, is yet to be confirmed. 
• A RCT-based data suggest improved outcome with targeting extrapulmonary (particularly the LAA) foci and selective ablation of low-voltage areas as adjunct to PVI. 

Hindricks G et al., Eur Heart J. 2021;42:373-498.
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Approaches to Low Voltage Area Ablation

Sim I et al., J Interv Card Electrophysiol. 2019



Voltage-guided Ablation for AF

Kircher S et al., Europace. 2018;20:1766-1775.



Voltage-guided Ablation for AF

Kircher S et al., Europace. 2018;20:1766-1775.



Selective Voltage-Guided Ablation of AF

Jadidi AS et al., Circ Arrhythm Electrophysiol. 2016;9:e002962. 



EGM + Substrate guided AF Ablation

Jadidi AS et al., Circ Arrhythm Electrophysiol. 2016;9:e002962. 



Selective Voltage-Guided AF Ablation

Jadidi AS et al., Circ Arrhythm Electrophysiol. 2016;9:e002962. 



Jadidi AS et al., Circ Arrhythm Electrophysiol. 2016;9:e002962. 

Selective Voltage-Guided AF Ablation



Clinical Outcome

Jadidi AS et al., Circ Arrhythm Electrophysiol. 2016;9:e002962. 



CFAE and Voltage Map



Low Voltage and Fractionation Guided Ablation



Trial Outcomes of Substrate-based Ablation

Sim I et al., J Interv Card Electrophysiol. 2019



• Expands the CARTO® 3 System mapping capabilities to irregular arrhythmia, identifying repetitive focal and rotational activations.
• Data collected with PENTARAY® Catheter, ensuring contact, during arrhythmia
• Annotation of unipolar signals
• Identification of Regions of interest (ROI) for objective interpretation- Repetitive Rotational patterns- Repetitive Focal patterns

CARTOFINDER Module



Examples of Repetitive Atrial Activation Patterns

Wolf M, et al. J Cardiovasc Electrophysiol. 2019;30:2704-2712.



Distribution of Repetitive Atrial Activation Patterns

Wolf M, et al. J Cardiovasc Electrophysiol. 2019;30:2704-2712.



Focal Rotationan Activations in LA & RA

Takahashi Y, et al. J Cardiovasc Electrophysiol. 2020;31:112-118.



Distribution of Focal and Rotational Activation

Takahashi Y, et al. Circ Arrhythm Electrophysiol. 2020;13:e008511.



Ablation guided by CARTOFINDER

Honarbakhsh S, et al. J Cardiovasc Electrophysiol. 2019;30:58-66.



Distribution of Non-PV Triggers

Santangeli P et al. Heart Rhythm 2016; 13:374-82. 



Protocol for initiating Non-PV Triggers
• Withhold  antiarrhythmic agents for five half-lives and beta-blockers for at least 24 hours
• Baseline infusion of a vasoconstrictor (e.g., phenylephrine). 
• Graded infusion of isoproterenol using up to 20-30ug/min for at least 10 minute.
• If no effect with isoproterenol infusion, burst pacing into AF and then cardioversion during low-dose isoproterenol infusion (2-6ug/min). 
• Use of adenosine bolus or burst atrial pacing during low-dose isoproterenol infusion. 

Calkins H et al., J Interv Card Electrophysiol. 2017;50:1-55



Adenosine-Provoked AF from Non-PV Foci

Kuroi A et al., JACC Clin Electrophysiol. 2015;1:127-135.



Systemic Approach to Non-PV Trigger Mapping
1. Analysis of the initiating P-wave morphology on the 12-lead ECG when the P wave does not overlap with the T wave or QRS2. Analysis of the earliest endocardial site of activation at the multiplolar CS and CT/SVC catheters referenced to P-wave onset.3. Analysis of the  activation patterns at the multipolar CS and CT/SVC catheters. 4. Detailed mapping of the region of origin outside the PVs by manipulating the circular mapping catheters and the ablation catheters guided by the P-wave morphology and the activation pattern from the multipolar CS and CT/SVC catheters.  

Santangeli P et al. Heart Rhythm 2017;14:1087-96. 



Non-PV Trigger Localization According to CS

Santangeli P et al. Heart Rhythm 2017;14:1087-96. 



Targets for Ablation of Non-PV Triggers

Higa S et al. Arrhythm Electrophysiol Rev. 2018;7:273-281.



Our protocols
• Withhold  antiarrhythmic agents for five half-lives and beta-blockers for at least 24 hours
• Isoproterenol infusion starting at 5 μg and incrementing  every 3-5 minutes to 10, 15, and 20 μg based on the heart rate response 
• If no effect with isoproterenol infusion, use of adenosine 24mg bolus IV
• If no effect with isoproterenol or adenosine, burst pacing into AF. 



My Catheter Position for Trigger Mapping



Pitfalls of Non-PV trigger mapping
• Given the transient nature of non-PV triggers and/or rapid degeneration into AF, detailed activation mapping to localize the precise site of origin of a trigger may not be possible. 
• As part of the trigger induction protocol, multiple cardioversions are typically necessary whenever AF is induced, with the endpoint of mapping the initial trigger beat leading to postcardioversion AF. 

Santangeli P et al. Heart Rhythm 2017;14:1087-96. 



CFAEs from Non-PV Ectopy

Lo LW et al. J Cardiovasc Electrophysiol. 2009;20:1305-12.



Non-PV Trigger Ablation guided by CARTOFINDER



Summary
• Patient-specific ablation targeting low voltage area acquired by high-density voltage map could be a promising additional strategy beyond PVI. 
• Ablation of sites with distinctive electrogram within low voltage area in addition to PV isolation could be a more effective ablation strategy for persistent AF. 
• Ablation targeting focal sources detected by CARTOFINDER could be another promising ablation strategy. 
• Ablation of non-PV triggers might be more important for patients with persistent forms of AF and for those patients who undergo repeat ablation procedures in whom all PVs are found to be isolated. 



Thanks for your attention !!


